In the present study two analytical methods are applied to characterize chert artefacts and raw materials from northeastern Bulgaria (Ludogorie region): petrographic observation and laser ablation inductively coupled plasma mass spectrometry). Archaeological samples from 12 Chalcolithic sites from Bulgaria are analyzed as well as raw material from 6 outcrops in northeastern Bulgaria are identified and documented during a survey in 2012 when many raw material samples were collected. The chert raw material mostly occurs in various Quaternary secondary deposits, originating from destruction and disintegration of the Lower Cretaceous (Aptian) limestones in the area. The paper is aimed at tracing the provenance of the artefacts based on their petrographic characteristics and geochemical composition. The archaeological evidence shows a wide distribution of the Ludogorie chert throughout the country.
Introduction and archaeological background
The present study is focused on the prehistoric chert raw material originating from northeastern Bulgaria (Ludogorie region). The abundant and high quality deposits of siliceous rock in this part of the country, often referred to as Dobrudzha, has been the focus of archaeogeological studies for decades. The first scholar to formulate and highlight the importance of a systematic approach to the chert raw material in the context of intensified archaeological research in prehistory was Kancho Kanchev in his publication on problems and purposes of chert studies (Kanchev 1978) . His surveys, carried out with the sedimentologist I. Nachev, led to the identification of 224 raw material outcrops in Bulgaria. The biggest concentration of chert sources occurs in three districts in north Bulgaria: Razgrad -32 outcrops, Russe -27 and Pleven -24 (Kanchev 1978: 87) . A particular study was devoted to the numerous and abundant chert deposits in northeastern Bulgaria, which were primarily embedded in Lower Cretaceous (Aptian) limestones that were subsequently disintegrated and redeposited as Quaternary (secondary) placers with rounded chert concretions (Nachev, Kanchev 1984) . In 1988 an instructive study was published about the siliceous rocks in Bulgaria regarding the correlation of their geographic, geotectonic and stratigraphic distribution, as well as their mineral and chemical composition, diagenesis and evolution. The authors, Ivan Nachev and Chavdar Nachev, both geologists, have been deeply involved in the research of rocks as raw material for prehistoric assemblages used by human populations and commonly referred to by archaeologists as 'chert' assemblages (Nachev & Nachev 1988 ). More recently, C. Nachev published a paper illustrating the characteristics and particular features of the four main geologically distinguished types of chert concretions on the basis of their comparative analysis (Gurova, Nachev 2008; Nachev 2009) (Figure 1 ). As described by C. Nachev, the silica concretions of Ludogorie (or Dobrudzha) chert were hosted in Lower Cretaceous (Aptian) micrite limestones with pale grey colour and are characterised by a white silica-carbonate cortex. The primary sources gave material for numerous secondary (placer) deposits with an eluvium-proluvium character. They are located mainly in the Ludogorie plateau (on the hills), hosted in soft sandy-carbonated masses (Gurova, Nachev 2008, 33; Nachev 2009 ). The Ludogorie chert has two microscopically distinct types: Ravno type (in the northern part of the region) and Kriva Reka type (in the southern part). In relation with its petrographic characteristics C. Nachev describes Ludogorie chert as the highest quality chert raw material in Bulgaria (and on a broader scale of southeastern Europe and Asia Minor) with large scale distribution and use in prehistoric chert assemblages (Nachev 2009, 11-12) .
A significant number of studies have also been done on the prehistoric (Chalcolithic) chert assemblages from northeastern Bulgaria by the Russian specialist, Natalia Skakun, French specialist, Laurence Manolakakis (Manolakaksi 2005 , Skakun 2006 ). Both scholars have concluded that the huge amount of the chert artefacts from northeastern Bulgarian tells (Goliamo Delchevo, Durankulak, Vinitsa, Smiadovo and Sava) and cemeteries (Varna, Durankulak) are made of Ludogorie (Dobrudza) chert. The same conclusion was reached by one of the authors of the present paper (Gurova 2001b) on the basis of investigations of Chalcolithic chert assemblages from settlements which belong to different cultures (Sava, Polianitsa, Varna) and to the of Kodžadermen-Gumelniţa-Karanovo VI cultural complex.
Both types of Ludogorie chert mentioned by C. Nachev possess favourable properties for lamellar (blade) production that determined its use for large-scale subsistence and household activities during the Chalcolithic period as revealed by studies of sites such as Karanovo, Drama-Merdzumekja, Varhari, Burgas, Karnobat, Kosharna, Bazovets, Ivanovo, Smiadovo, and Targovishte-Garata (Gurova 2005 (Gurova , 2010 (Gurova , 2011 (Figures 2 and 3) . As for the most sophisticated knapping techniques (lever pressure) and the production of extra-long blades for ritual purposes in the mortuary domain (Varna and Durankulak cemeteries) and for hoard deposits (Tell Smiadovo), undoubtedly the Ravno type of chert was used (Figures 4 and 5) .
In spite of the widely acknowledged quality and the broad distribution of the Ludogorie cherts, information about raw material extraction and supply in prehistory is still rather scarce. As well, it is still debatable as to how early in prehistory the exploitation of Ludogorie chert took place. (2014) Regarding raw material procurement and the first stage of chert production, Manolakakis' prospections and trench excavations in the Razgrad area allowed her to identify a concentration of archaeological sites on the Sakaralan plateau. The most significant accumulation of chert material indicating workshops has been localized around Ravno village with three distinct sites (Ravno 1-3) (Manolakakis 2011, 229) . Another workshop for chert production with evidence of long blade removal using indirect percussion and the lever pressure technique has been identified at the Tell of Kamenovo in close proximity to the excellent quality, large chert nodule outcrops of Ravno 3 (Manolakakis 2006, 11; 2011, 233) . Advancement in this field was made recently through the systematic surveys in the Razgrad district area made by Mateva. She describes the secondary chert placers as being easy for access and nodule extraction from the soft loess layers. Several new workshops have been identified near the villages Ravno, Kamenovo and Kriva Reka, and as well in the locality Chakmaka (near Isperih), (Mateva 2010, 174) . The Kriva Reka raw material is presented as significant amount of secondary chert deposits on the hill named Chakmaklaka (near the village). The earliest evidence of exploitation of the deposits dates back to the Chalcolithic (although it may have been exploited even earlier, further evidence is required to support the idea of exploitation prior to the Chalcolithic) and has continue up until the mid-20th century. The chert from Kriva Reka was certainly used for different purposes, but the most remarkable specialization of the local chert knappers consisted of the manufacture of threshing sledge (tribula) inserts which had a wide distribution throughout the country (for more on this subject, see Gurova 2011c) 
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New stage of the investigations of the Ludogorie chert raw material
The present paper summarizes the results of the survey and subsequent laboratory analysis performed as an extension of a project {("Prehistoric chert sourcing in NW Bulgaria and NE Serbia: Field survey and laboratory analyses", co-directed by Dr. Dušan Borić (Cardiff University) and Dr. Maria Gurova (NIAM-BAS)}, focused on northern Bulgarian chert raw materials. Two seasons of surveying in northern Bulgaria were carried out in relation to the project goals: discovering chert deposits, recording them using GPS and marking them on topographic and geological maps; preparing geological descriptions of the raw material deposits; photo documentation of the field conditions, and surface finds; identifying plausible archaeological workshops associated with the chert outcrops; and completing exhaustive collections of raw material samples for archaeometric analyses (thinsection petrographic analyses and LA-ICP-MS ).
The second campaign (in 2012) extended the survey to northeastern BulgariaLudogorie region (Russe, Razgrad and Shumen districts) ( Figure 6 ). In this area 15 secondary chert deposits were registered as well as 5 archaeological sites, three of which were already known from the literature and the AMB (Archaeological Map of Bulgaria) system (Gurova et al. 2013 a-b) . The workshops of prehistoric chert production in Ravno and Kamenovo were documented (Figure 7 ), as well as the long-lasting tribula insert production center at Kriva Reka village (Figure 8 ). 
Material and Methods
In the present study we combined two analytical methods (petrographic observation and laser ablation inductively coupled plasma mass spectrometry) to characterize chert artefacts and raw materials from northeastern Bulgaria. Field work was performed in the districts of Russe, Razgrad and Shumen in order to collect Lower Cretaceous (Aptian) raw materials from various chert deposits.
Artefacts from the following Chalcolithic settlements in Bulgaria were analysed: Tell Karanovo and Tell Drama-Merdzumekja (Thracian plain); as well as Smiadovo, Ivanovo, Kosharna, Bazovets, Targovishte-Garata, Radingrad, Nedoklan, Ravno, Kamenovo and Goliam Porovets -all in the northeastern part of the country (Figure 9 ). The archaeological samples taken are very informative and significant from a raw material point of view (visually representing the main variants of Ludogorie chert). They are also important as being among the most frequently attested and diagnostic typological tools within the assemblages.
All chert samples were macroscopically described (colour, size, shape, texture, cortex, etc.). Thirty-four standard thin sections were also prepared from part of the chert raw material samples and artefacts and were examined under a petrographic microscope. The aim of this study was to describe microscopic chert characteristics (mineralogy, rock texture, limestone relics and fossil assemblages, relative proportion of siliceous and carbonate components, etc.) in an attempt to distinguish petrographically the various chert types.
Based on the macroscopic description and petrographic observations, 31 representative chert samples (raw materials and artefacts) were selected to be analysed by LA-ICP-MS analyses in order to determine their chemistry. Twelve raw materials and 19 artefacts were analysed. At least three analyses per sample were performed. If a chert sample had differently coloured parts, each part was analysed individually.
The LA-ICP-MS system used for analyses consists of a 193 nm ArF excimer laser coupled with a PE ELAN DRC-e ICP quadrupole mass spectrometer at the Geological Institute of the Bulgarian Academy of Science in Sofia, Bulgaria. For controlled ablation of the material, an energy density of about 10 J/cm2 on the sample surface and a laser pulse frequency of 10 Hz were used. Analyses were performed with a 75 µm beam diameter. External standardization by NIST 610 SRM glass provided relative element concentration ratios that were transformed into absolute concentrations by internal standardization. SiO2 content (99 wt.%) was used as an internal standard, applying the SILLS software (Guillong et al., 2008) for data reduction. In total 45 elements were measured.
Results
In northeastern Bulgaria the chert raw material occurs predominantly in secondary eluvium (Figure 10 a-e), diluvium and (paleo)alluvial (Figure 10 f-h) deposits. As mentioned above this chert is known as Dobrudzha or Ludogorie chert (Nachev 2009 ) and is characterized by Early Cretaceous (Aptian) age (Nachev, Kanchev 1984) . Primary deposits are only sporadically present in the Aptian limestone sequence of the Kovachevo Formation (Nikolov 1969) , where the chert occurs as layers and beds of variable thickness. (2014) 
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Petrography
On the basis of micropetrographic observations, Gurova and Nachev (2008) described two main chert types (Ravno type and Kriva Reka type). The petrographic observations of the current study confirmed the previous results and distinguished an additional chert type. In this study, the sampled chert raw material from northeasternBulgaria originated mostly from secondary deposits. The latter occur near Ravno village (Razgrad district), in quarries in Tetovo, Krivnya and Krasen (Ruse district) and Kriva Reka (Shumen district). Primary chert deposits, although not suitable for tool preparations, occur only within the limestone sequence of the Kovachevo Formation, which outcrops near to towns Byala and Popovo.
Three main chert types are distinguished on the basis of the macroscopic and microscopic features observed. Type I (Figure 11 a-d ) is characterized by a great variety of colours (mostly beige, ochre, light brown and dark brown, but light gray, creamy gray, dark gray, purple, and white also occur). The chert texture is homogeneous or sometimes zonal. This chert type is mainly oval shaped and is often distinguished by white cortex. It reaches up to 70 cm in size (mostly being between 10 and 30 cm). Microscopically, the chert is composed of microcrystalline quartz groundmass containing siliceous (chalcedonic) sponge spicules (Figure 11 e, f) and sporadic foraminifer tests, thin-shelled bivalves and ostracods replaced by silica minerals. Carbonate components and silt-sized clastic quartz grains are occasionally present in a few samples. The microcrystalline groundmass commonly contains abundant opaque minerals. Most likely, the replaced carbonate rocks were spiculite mudstones and wackestones. This chert variety is known as Ravno type (Gurova and Nachev, 2008) and is recognized in the raw materials studied in thin-section from Ravno and Tetovo and artefacts from Ravno, Kamenovo, Goliam Porovets, Radingrad (2) Ivanovo, Kosharna, Bazovets, Targovishte (2) and Smiadovo.
Type II consists of chert pebbles and cobbles between 5 and 15 cm in size. It is ochre, brown, beige or occasionally gray colour, commonly has white spots and has a white or ochre and brown (within the paleoalluvial deposits) cortex of variable thickness (Figure 11 g, h) . The colour of the cortex is a result of oxidation processes (Figure 11 h, Figure 12 a) . Under the microscope, the material consists of microcrystalline quartz and chalcedony groundmass containing common silicified skeletal grains (crinoids, foraminifers, bryozoans, brachiopods, etc.) and a variable amount (5-15%) of sand-sized clastic quartz grains (Figure 12 b-d) . Siliceous sponge spicules are also presented. Relict carbonate components (5-15% of the rock volume) include bioclasts (Figure 12 e) and rare peloids and intraclasts. Most of them are strongly replaced by opaque minerals. Finely-crystalline quartz composed of polygonal crystals is alsoobserved (Figure 12 c) . The replaced carbonate rocks were most likely bioclastic packstones or grainstones. This type is described by Gurova and Nachev (2008) as Kriva Reka type and is represented in the studied thin-sections from raw material in Kriva Reka, Krivnia, and Krasen as well as the artefacts from Kriva Reka, Nedoklan, Radingrad (1), Drama, Karanovo, Targovishte (1).
Type III has a dark brown to dark gray colour (Figure 12 f) and is represented by silicified limestones (possibly bioclastic-peloidal packstones or grainstones) (Figure 12 g, h) . Silica components are composed of siliceous sponge spicules and chalcedonic groundmass. This chert occurs as separate layers within the limestone succession of the Kovachevo Formation (for example, at Koprivets quarry) or is represented as redeposited pebbles and cobbles in a secondary deposit in the quarry near Krasen village. (2014) Chalcedony which has formed fibrous aggregates (light gray) and locally replaced the previous limestone groundmass (raw material, secondary deposit, Kriva Reka village, Shumen district, CPL); c) Finely-crystalline quartz composed of polygonal crystals, which usually forms mosaics. A clastic quartz grain (yellow arrow) is also observed (raw material, secondary deposit, Kriva Reka village, Shumen district, CPL); d) Pseudomorphically replaced by microcrystalline quartz and opaque minerals foraminifer test (yellow arrow) within quartz and chalcedonic groundmass (artefact, Nedoklan, Razgrad district, CPL); e) Carbonate bioclast (yellow arrow) replaced by opaque minerals (raw material, secondary deposit, Kriva Reka village, Shumen district), CPL; f) Silicified layers (white arrow) in limestones (primary deposits, Kovachevo Formation); g) and h) Bioclastic-peloidal packstones or grainstones (uncertain which) with a rock groundmass replaced by silica minerals (raw material, primary deposits, Kovachevo Formation, quarry near Koprivets village, Ruse district), PPL (plane-polarized light microphotograph) and CPL. 
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LA-ICP-MS
The three petrographically distinguished types of chert artefacts and raw materials from NE Bulgaria (Type I -Ravno type, Type II -Kriva Reka type and Type III -raw materials from quarries near the villages of Koprivets and Krasen) were analysed by LA-ICP-MS. Based on Al, Na, K, and Mg contents, the Ravno type is divided into three subtypes. The first subtype is characterized by low concentrations of the four elements and includes mostly raw materials from the area of Tetovo village and an artefact from Kosharna (2) (Figure 13 ). The second subtype is represented by raw materials from Ravno village and artefacts from the same area (from Ravno, Kamenovo, Goliam Porovets, Radingrad, Ivanovo, Kosharna (1), Bazovets (2) and Smiadovo) that have average contents of the mentioned elements ( Figure  13 ). The third subtype shows high concentrations of Al, Na, K, and Mg and is represented only by artefacts: from Targovishte (2), Karanovo and Bazovets (1). The Kriva Reka type has a wide range of these element concentrations due to its inhomogeneous petrographic composition. Nevertheless, the measured values of Al, Na, K, and Mg in raw materials overlap with those observed in artefacts (Figure 14) .
The third chert type displays higher Ca and Mg concentrations compared to the Ravno and Kriva Reka types (Figure 15 ). This type is represented only by raw materials. None of the artefacts from Bulgaria which were analysed show such high Ca and Mg content. (2014) 
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Discussion and Conclusion
Based on the petrographic study which was carried out, it could be suggested that the possible raw material source for the artefacts from Ravno, Kamenovo, Goliam Porovets, Radingrad (2), Ivanovo, Kosharna, Bazovets, Targovishte (2) and Smiadovo were secondary eluvium chert deposits such as those from near the vilalges of Ravno and Tetovo which were described. All of these cherts are referred to as Ravno chert (Type I). The evidence of this suggestion is the close similarity between the macroscopic and micropetrographic features observed in the raw material and those of the artefacts. The possible raw material source for the artefacts from Kriva Reka, Nedoklan, Radingrad (1), Drama, Karanovo, and Targovishte (1) were presumably secondary eluvium and paleoalluvium deposits such as those recorded near the villages of Kriva Reka, Krivnia, and Krasen. These chert raw materials and artefacts are referred to Kriva Reka chert (Type II).
It is also interesting to note that in some of the archaeological and geological sites which were studied (for example, Radingrad and Targovishte) artefacts from both chert types (Type I -Ravno and Type II -Kriva Reka chert) were distinguished.
A more precise correlation could be made by combination of both petrographic and geochemical data of the raw materials and artefacts studied. Although Ravno (Type I) and Kriva Reka (Type II) chert types are characterized by different petrographic features, we cannot distinguish them based on their chemistry because they have an identical chemical composition. However, several subtypes can be differentiated within the Ravno type (Type I) based on Al, Na, K, and Mg contents. The geochemical data obtained also allowed one to conclude that the possible provenance of the Kosharna (2) artefact was the area of Tetovo village while for the artefacts Ravno, Kamenovo, Goliam Porovets, Radingrad (2), Ivanovo, Kosharna (1), Bazovets (2) and Smiadovo was the area of Ravno village. The overlapping results from the Kriva Reka chert type (Type II) suggest that the raw materials studied could be potential sources for the artefacts from Kriva Reka, Nedoklan, Radingrad (1), Drama, Karanovo, and Targovishte (1). The last chert type (Type III) was not used for tool preparation and is not present among the artefacts which were studied.
